Introduction {#section5-2042098619854007}
============

Parkinsonism, one of the most common movement disorders in the elderly, is characterized by a constellation of rigidity, bradykinesia, impaired postural reflex, and tremor.^[@bibr1-2042098619854007]^ Although idiopathic Parkinson's disease is the most common etiology of Parkinsonism, drug-induced Parkinsonism accounts for the second most common cause.^[@bibr2-2042098619854007],[@bibr3-2042098619854007]^ Recognizing drug-induced Parkinsonism is important because it could be reversible if the medicine was discontinued in time.^[@bibr4-2042098619854007][@bibr5-2042098619854007]--[@bibr6-2042098619854007]^

Diabetes is the leading cause of mortality and morbidity worldwide, and it is associated with a variety of complications. Gastrointestinal complications usually manifest as esophageal dysmotility, gastroparesis, constipation, and diarrhea. In addition, many glucose-lowering agents have potential gastrointestinal side effects.^[@bibr7-2042098619854007],[@bibr8-2042098619854007]^ Prokinetic agents, such as metoclopramide, are commonly used to relieve gastrointestinal symptoms in diabetes patients.^[@bibr9-2042098619854007]^ In 2009, the United States Food and Drug Administration (FDA) issued a boxed warning for the use metoclopramide citing the risk of irreversible tardive dyskinesia.^[@bibr10-2042098619854007]^ Following the black box warning, 23.7% of patients with gastroparesis were still prescribed metoclopramide in the North-Shore University health system, Illinois, United States.^[@bibr11-2042098619854007]^ Both drug-induced Parkinsonism and tardive dyskinesia are drug-induced movement disorders, but the clinical manifestations are different. In addition, both of them could be the adverse reactions of metoclopramide treatment.^[@bibr12-2042098619854007]^ Therefore, the boxed warning for irreversible tardive dyskinesia was adapted for drug-induced Parkinsonism in this study.

Metoclopramide has been reported to cause Parkinsonism with long-term use^[@bibr13-2042098619854007],[@bibr14-2042098619854007]^ because it readily crosses the blood--brain barrier to inhibit dopamine D2 group receptors.^[@bibr15-2042098619854007]^ Indeed, the prescription of metoclopramide in patients with diabetes to relieve gastroparesis is a drug safety issue. To the best of the authors' knowledge, there has been no study investigating the risk of metoclopramide-induced Parkinsonism specifically in a diabetic population. Therefore, we conducted a nested case--control study to investigate whether metoclopramide treatment had a dose--response effect or duration effect on developing Parkinsonism and to estimate if the risk is increased among those taking metoclopramide for less than 3 months.

Methods {#section6-2042098619854007}
=======

Data source {#section7-2042098619854007}
-----------

Taiwan launched a single-payer National Health Insurance (NHI) program in 1995; nearly all of Taiwan's population is enrolled. NHI provides all necessary medical services including hospitalization, outpatient care, rehabilitation, Chinese medicine, dental treatment, vaccination, and all other essential services for all insured individuals. The National Health Insurance Research Database (NHIRD) is a digitalized database containing demographic information, date of medical service, diagnosis, item, and cost of all kinds of medical orders for all claims. However, the dataset lacks the results of all kinds of examination and personal information such as habits of tobacco or alcohol use, family history, and body height and weight. The Longitudinal Health Insurance Database 2005 (LHID 2005), a subset of NHIRD containing all data of original claim of 1 million beneficiaries enrolled in 2005, was used for this study. There is no significant difference between NHIRD and LHID 2005 for age and sex distribution or average insured payroll-related amount.^[@bibr16-2042098619854007]^ De-identified LHID 2005 data was obtained following a double encryption process. This study was approved by the Institutional Review Board of Changhua Christian Hospital. Informed consent was waived because this study used de-identified data.

Study cohort {#section8-2042098619854007}
------------

We established a diabetes cohort by retrieving from LHID 2005 all newly diagnosed patients with mild to moderate type 2 diabetes, aged 45--79 years, during 1999--2008. The diagnosis of diabetes was defined as having at least three outpatient visit or one admission records with diagnosis of the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code 250.xx or A181 and prescriptions of antidiabetic medication for over 60 days. Individuals who had insulin prescription within 1 year of the diagnosis of diabetes were excluded to avoid type 1 or advanced diabetes, and patients with malignancy were also excluded. The rationale for the inclusion and exclusion criteria includes: type 1 diabetes usually begins before age 40 while Parkinsonism usually begins after age 50. In addition, advanced stage of diabetes and malignancy more often have various complications that are likely confounders.

We defined the date of first diabetes diagnostic date as the cohort entry. We also excluded those who had Parkinsonism diagnosed within 1 year of diabetes. Parkinsonism is a slowly progressive disorders, which might lead to a delayed diagnosis. In addition, stroke may cause vascular Parkinsonism, and drugs used to treat mood disorders might cause drug-induced Parkinsonism. Therefore, we excluded those who had a stroke, mood disorders, and cancers before the cohort entry. These exclusions ensured a follow-up period of over 1 year and reduced confounding factors.

Selection of cases and controls {#section9-2042098619854007}
-------------------------------

A nested case--control study was conducted within the diabetic cohort. The ICD-9-CM code 332.0, indicating the code of Parkinson's disease whereas the ICD-9-CM code 332.1 meant secondary Parkinsonism. Because it is often challenging to distinguish idiopathic Parkinson disease from secondary Parkinsonism. Therefore, both 332.0 and 332.1 were selected as cases of Parkinsonism in our study. All selected cases had at least three records of neurology outpatient visits or one neurology admission. We randomly matched each Parkinsonism case with up to 10 controls from the risk set by sex, age, calendar year of cohort entry, and follow-up duration. The index date was defined as the date of Parkinsonism diagnosed for the first time. For controls, the index date was set as the same date as their matched Parkinsonism case.

Potential confounding factors {#section10-2042098619854007}
-----------------------------

Some risk factors that might influence the occurrence of Parkinsonism were identified in this study, including the age of diabetes onset, sex, duration from diabetes to the index date, some comorbidities, and use of statin \[Anatomical Therapeutic Chemical (ATC) classification C10AA\] and antipsychotic drugs (ATC classification N05A). Comorbidities comprised stroke (ICD-9-CM 430-434), hypertension (ICD-9-CM 401), episodic mood disorders (ICD-9-CM 296), schizophrenic disorders (ICD-9-CM 295), and hyperlipidemia (ICD-9-CM 272). The diagnosis of comorbidities was identified with at least three outpatient visits or one admission claim before index date. (The detailed coding of diseases and medication are listed in the [online supplementary material Table S3](https://journals.sagepub.com/doi/suppl/10.1177/2042098619854007).)

Exposure to metoclopramide {#section11-2042098619854007}
--------------------------

Information for the dose of metoclopramide prescriptions was acquired from the NHI website. We identified all prescriptions of metoclopramide dispensed to patients during the period from cohort entry to the index date, and we calculated the correlated indicators, such as the duration from first to last prescription, cumulative drug days, and cumulative dosage of metoclopramide use for each participant. Further, while patients were dispensed metoclopramide continuously over 3 months, the period was defined as overuse.

Statistical analyses {#section12-2042098619854007}
--------------------

In order to examine whether the frequency of metoclopramide use is higher in diabetes than in hypertension population, we assembled overall metoclopramide records for all patients who were diagnosed diabetes or hypertension according to the calendar year.

Descriptive statistics were used to summarize the characteristics of study cases and matched controls. Chi-squared test was performed to test the difference between categorical variables. Independent *t* test was used to test the mean difference for continuous variables between cases and matched controls.

We used conditional logistic regression to estimate odds ratio along with corresponding 95% confidence intervals of Parkinsonism associated with the use of metoclopramide. We counted patients without exposure to metoclopramide as 'never' between cohort entry and index date. We split duration--response and dose--response variables into four categories by tertiles based on the distribution of metoclopramide use of control group. We evaluated the duration--response and dose--response relationship and used the transformed ordinal variables as continuous variables in the model to test whether there were a linear relationship between the metoclopramide dose and the risk of Parkinsonism.

Furthermore, we collected all metoclopramide prescriptions between cohort entry and index date. Then we calculated the duration of the consecutive prescriptions. If the gap between consecutive prescriptions was less than 7 days, we treated the prescriptions as consecutive. However, if the gap was more than 7 days, the treatments were considered nonconsecutive. Subsequently, we selected the maximum duration of metoclopramide for each user and divided the consecutive duration into less than 1 month, 1--2 months, 2--3 months, 3-5 months, and over 5 months. The FDA does not recommend the continuous use of metoclopramide for over 3 months; therefore, patients who were dispensed metoclopramide over 3 months were treated as overuse. In addition, we collected dose per day in concordance with continuous duration of metoclopramide use. All statistical analyses were performed with R version 3.2.3.^[@bibr17-2042098619854007],[@bibr18-2042098619854007]^

Results {#section13-2042098619854007}
=======

Comparing the utilization of metoclopramide between diabetes and hypertension population {#section14-2042098619854007}
----------------------------------------------------------------------------------------

The utilization of metoclopramide in diabetes and hypertension population is similar, however, the overuse rate of metoclopramide in diabetes was higher than in hypertension population. ([Figure 1](#fig1-2042098619854007){ref-type="fig"} and the detailed results are listed in the [online supplementary material Tables S1 and S2](https://journals.sagepub.com/doi/suppl/10.1177/2042098619854007))

![The utilization and overuse rate of metoclopramide for diabetes and hypertension population by year.](10.1177_2042098619854007-fig1){#fig1-2042098619854007}

Baseline characteristics of study subjects {#section15-2042098619854007}
------------------------------------------

A diabetic cohort was assembled consisting of a total of 34,685 patients with mild--moderate type 2 diabetes and aged 45--79 years ([Figure 2](#fig2-2042098619854007){ref-type="fig"}). After risk set sampling, there were 541 incident Parkinsonism and 5085 matched controls. Eight cases of incident Parkinsonism were not included because of no eligible controls. The mean age was 66.8 (range: 46--80) years and 44% were male participants. As listed in [Table 1](#table1-2042098619854007){ref-type="table"}, patients and matched controls were similar in distributions of comorbidities and use of statin and antipsychotics.

![Flow chart of the study participants.\
ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.](10.1177_2042098619854007-fig2){#fig2-2042098619854007}

###### 

Demographic characteristics of Parkinson's disease and matched controls.

![](10.1177_2042098619854007-table1)

                                                                                                                                               Case    Control   *p* value           
  -------------------------------------------------------------------------------------------------------------------------------------------- ------- --------- ----------- ------- --------
  Number of subjects                                                                                                                                                                 
  Gender^[a](#table-fn1-2042098619854007){ref-type="table-fn"}^                                                                                                                      
   Male                                                                                                                                        244     45.1      2258        44.41   0.7566
   Female                                                                                                                                      297     54.9      2827        55.59   
  Age^[a](#table-fn1-2042098619854007){ref-type="table-fn"},[b](#table-fn2-2042098619854007){ref-type="table-fn"}^                             66.93   6.8       66.79       6.91    0.6560
    \<65 years old                                                                                                                             175     32.35     1741        34.24   0.3777
   ⩾65 years old                                                                                                                               366     67.65     3344        65.76   
  Duration of follow up (years)^[a](#table-fn1-2042098619854007){ref-type="table-fn"},[b](#table-fn2-2042098619854007){ref-type="table-fn"}^   5.24    2.46      5.25        2.44    0.8928
   \<5                                                                                                                                         266     49.17     2473        48.63   0.8129
   ⩾5                                                                                                                                          275     50.83     2612        51.37   
  Hypertension                                                                                                                                                                       
   No                                                                                                                                          365     67.47     3585        70.5    0.1424
   Yes                                                                                                                                         176     32.53     1500        29.5    
  Hyperlipidemia                                                                                                                                                                     
   No                                                                                                                                          467     86.32     4378        86.1    0.8854
   Yes                                                                                                                                         74      13.68     707         13.9    
  Any statin use                                                                                                                                                                     
   No                                                                                                                                          501     92.61     4791        94.22   0.1314
   Yes                                                                                                                                         40      7.39      294         5.78    
  Any antipsychotics use                                                                                                                                                             
   No                                                                                                                                          503     92.98     4821        94.81   0.0722
   Yes                                                                                                                                         38      7.02      264         5.19    

Matched variables.

Mean and standard deviation.

Metoclopramide use and the risk of Parkinsonism {#section16-2042098619854007}
-----------------------------------------------

[Table 2](#table2-2042098619854007){ref-type="table"} lists the relationship between metoclopramide and the development of Parkinsonism. Overall, the use of metoclopramide was associated with an increased risk of Parkinsonism, with adjusted odds ratio (OR) 1.39 \[95% confidence interval (CI) 1.16--1.67\]. [Table 2](#table2-2042098619854007){ref-type="table"} also demonstrated a duration--response relationship observed in both durations between first and last prescription (*p* for trend \<0.001) and cumulative days (*p* \< 0.001). In addition, a linear dose--response effect was also detected in the cumulative dosage of metoclopramide (*p* for trend \<0.001).

###### 

Crude and adjusted odds ratios (ORs) of Parkinsonism associated with the use of metoclopramide.

![](10.1177_2042098619854007-table2)

                                                                                                        Case         Control        Crude               Adjusted^[a](#table-fn3-2042098619854007){ref-type="table-fn"}^
  ----------------------------------------------------------------------------------------------------- ------------ -------------- ------------------- -----------------------------------------------------------------
  Metoclopramide use                                                                                                                                    
   Never                                                                                                256 (47.3)   2,811 (55.3)   1.00                1.00
   Ever                                                                                                 285 (52.7)   2,274 (44.7)   1.40 (1.17--1.68)   1.39 (1.16--1.67)
  Duration between first and last prescription^[b](#table-fn4-2042098619854007){ref-type="table-fn"}^                                                   
   No                                                                                                   256 (47.3)   2,811 (55.3)   1.00                1.00
   1--28                                                                                                84 (15.5)    797 (15.7)     1.19 (0.91--1.54)   1.18 (0.91--1.54)
   29--677                                                                                              91 (16.8)    705 (13.9)     1.43 (1.11--1.84)   1.42 (1.10--1.83)
   \>677                                                                                                110 (20.3)   772 (15.2)     1.63 (1.27--2.11)   1.63 (1.26--2.10)
   *p* for trend                                                                                                                                        \<0.001
  Cumulative duration of use (days)^[b](#table-fn4-2042098619854007){ref-type="table-fn"}^                                                              
   No                                                                                                   256 (47.3)   2,811 (55.3)   1.00                1.00
   1--8                                                                                                 77 (14.2)    812 (16.0)     1.06 (0.81--1.39)   1.06 (0.81--1.39)
   9--41                                                                                                82 (15.2)    696 (13.7)     1.32 (1.02--1.73)   1.31 (1.00--1.71)
   \>41                                                                                                 126 (23.3)   766 (15.1)     1.88 (1.48--2.38)   1.87 (1.47--2.37)
   *p* for trend                                                                                                                                        \<0.001
  Cumulative dose of metoclopramide^[b](#table-fn4-2042098619854007){ref-type="table-fn"}^                                                              
   No                                                                                                   256 (47.3)   2,811 (55.3)   1.00                1.00
   1--103 mg                                                                                            76 (14.1)    766 (15.1)     1.11 (0.84--1.45)   1.10 (0.84--1.45)
   104--449 mg                                                                                          79 (14.6)    735 (14.5)     1.21 (0.92--1.58)   1.20 (0.92--1.57)
   \>449 mg                                                                                             130 (24.0)   773 (15.2)     1.92 (1.52--2.43)   1.91 (1.51--2.42)
   *p* for trend                                                                                                                                        \<0.001

Each model adjusted for sex, age, duration from diabetes to index date, hypertension, hyperlipidemia, ever use of statin, and antipsychotics.

Categories based on the distribution of metoclopramide use of control group.

CI, confidence interval.

Dose--response and duration--response effect on metoclopramide use {#section17-2042098619854007}
------------------------------------------------------------------

There was no significant difference between never use of metoclopramide and continuous use for less than 1 month (OR 1.17; 95% CI 0.93--1.45). However, compared with the never-use group, the adjusted ORs of the continuous durations 1--2 months, 2--3 months, 3--5 months, and ⩾5 months were 1.44 (95% CI 1.04--2.00), 1.74 (95% CI 1.14--2.65), 1.90 (95% CI 1.23--2.93) and 2.17 (95% CI 1.50--3.12), respectively ([Table 3](#table3-2042098619854007){ref-type="table"}). In addition, the adjusted ORs of dose per day for \<10 mg, 10--20 mg, 20--30 mg, and ⩾30 mg were 0.90 (0.57--1.40), 1.43 (1.17--1.76), 1.57 (1.09--2.26), and 1.55 (1.08--2.21), respectively.

###### 

Crude and adjusted odds ratios (ORs) of Parkinsonism associated with continuous duration and corresponding dose per day of metoclopramide between cohort entry and index date.

![](10.1177_2042098619854007-table3)

  ---------------------------------------------------------------------------------------------------------------------------------------
  Metoclopramide use    Case         Control       Crude\              Adjusted^[a](#table-fn6-2042098619854007){ref-type="table-fn"}^\
                                                   OR (95% CI)         OR (95% CI)
  --------------------- ------------ ------------- ------------------- ------------------------------------------------------------------
  Continuous duration                                                  

   No                   256 (47.3)   2811 (55.3)   1.00                1.00

   \<1 month            138 (25.5)   1321 (26.0)   1.17 (0.94--1.46)   1.17 (0.93--1.45)

   1--2 months          50 (9.2)     391 (7.7)     1.45 (1.04--2.01)   1.44 (1.04--2.00)

   2--3 months          28 (5.2)     177 (3.5)     1.75 (1.15--2.67)   1.74 (1.14--2.65)

   3--5 months          27 (5.0)     169 (3.3)     1.88 (1.22--2.90)   1.90 (1.23--2.93)

   ⩾5 months            42 (7.8)     216 (4.3)     2.18 (1.52--3.14)   2.17 (1.50--3.12)

    *p* for trend                                                      \<0.001

  Dose per day                                                         

   No                   256 (47.3)   2811 (55.3)   1.00                1.00

   \<10 mg              23 (4.3)     283 (5.6)     0.91 (0.58--1.42)   0.90 (0.57--1.40)

   10--20 mg            183 (33.8)   1426 (28.0)   1.43 (1.17--1.76)   1.43 (1.17--1.76)

   20--30 mg            38 (7.0)     270 (5.3)     1.59 (1.10--2.29)   1.57 (1.09--2.26)

   ⩾30 mg               41 (7.6)     295 (5.8)     1.55 (1.09--2.21)   1.55 (1.08--2.21)

   *p* for trend                                                       \<0.001
  ---------------------------------------------------------------------------------------------------------------------------------------

Models were adjusted for sex, age, duration from diabetes to index date, hypertension, hyperlipidemia, ever use of statin, and antipsychotics.

Discussion {#section18-2042098619854007}
==========

Our results showed the overuse rate of metoclopramide in diabetes was higher than in hypertension population. Whilst metoclopramide-induced Parkinsonism is well recognized,^[@bibr13-2042098619854007],[@bibr19-2042098619854007]^ this study demonstrated for the first time the duration--response and dose--response effects in patients with mild-to-moderate type 2 diabetes.

Tardive dyskinesia is a movement disorder mainly caused by the prolonged use of dopamine receptor-blocking agents such as antipsychotics or antiemetic drugs. The duration of therapy is one of the major risk factors.^[@bibr20-2042098619854007]^ The FDA recommend not prescribing metoclopramide for longer than 12 weeks to decrease the risk. In contrast to tardive dyskinesia, to the best of the authors' knowledge, there are still no recommendations so far regarding the specific duration of metoclopramide treatment to avoid the risk of drug-induced Parkinsonism in patients with type 2 diabetes. Our study clearly demonstrated that the risk for Parkinsonism in patients who overused metoclopramide was higher (OR 2.05; 95% CI 1.53--2.76) than those who never used, while longer consecutive use of metoclopramide also increased the risk of developing Parkinsonism, with a remarkable duration--response and dose--response effects.

Drug-induced Parkinsonism is a major health problem.^[@bibr4-2042098619854007]^ Initially, it was reported as a complication of typical antipsychotics but later recognized as an adverse effect of some of other medicines, including gastrointestinal prokinetics, antidepressants, calcium channel antagonists, and antiepileptic drugs.^[@bibr21-2042098619854007]^ Among these medicines, metoclopramide is especially important because of its frequent use. The FDA estimates over 2 million Americans are using the medicine.^[@bibr22-2042098619854007]^ Therefore, we selected a hypertension cohort to compare the utilization and overuse rate of metoclopramide use with the diabetes cohort in the [online supplementary material](https://journals.sagepub.com/doi/suppl/10.1177/2042098619854007). The trends of patients taking metoclopramide in both diabetes and hypertension cohorts from 1999 to 2008 were around 13--16%, but the overuse proportion of metoclopramide users for diabetes was higher than for hypertension ([Tables S1 and S2 in the online supplementary material](https://journals.sagepub.com/doi/suppl/10.1177/2042098619854007)). Metoclopramide is still commonly used to treat gastrointestinal complications in diabetes patients.

A recent retrospective cohort study coming from Taiwan using the same database found that high metoclopramide exposure users had higher incidence of Parkinsonism than standard exposure users. Patients received metoclopramide more than 30 mg per day or a prescription of duration more than 5 days were defined as high-exposure users.^[@bibr23-2042098619854007]^ Our study additionally assembled the cumulative dose and duration in the study period to assess the dose--response and duration--response effect in the metoclopramide use and the risk of Parkinsonism. Furthermore, we estimated the risk for the continuous period of metoclopramide use. Therefore, our study may provide practical information for clinician.

This study has several strengths. First, it used the LHID 2005 database, which is a large population database containing all original claim data for as many as 1 million beneficiaries. This large number enabled us to establish a mild--moderate type 2 diabetes cohort with as many as 34,685 patients and to enroll as many as 541 Parkinsonism cases. In addition, the diagnostic accuracy of type 2 diabetes in our study is highly reliable owing to selecting the patients with three or more visits of consistent ICD-9 CM code as well as antidiabetic medication administration for over 60 days. It has already been established that the diagnostic accuracy of NHIRD for diabetes increases with the number of outpatient visits.^[@bibr24-2042098619854007]^ Population-based studies need to pay more attention to time-relative biases, for example, immortal time bias, selection bias, and confounding bias.^[@bibr25-2042098619854007],[@bibr26-2042098619854007]^ Therefore, we conducted a nested case--control study and matched the duration of follow up among cases to controls to deal with the exposure to metoclopramide over time.^[@bibr27-2042098619854007]^

However, the study also has some limitations. First, the diagnosis of NHIRD relied on ICD-9-CM codes. An administrative database in the United States using the same ICD-9-CM codes revealed that this coding system was limited in its ability to differentiate Parkinsonism of variable causes.^[@bibr28-2042098619854007]^ Not only in diagnosis coding but in clinical practice, it is often challenging to distinguish idiopathic Parkinson disease from secondary Parkinsonism. Therefore, we rely on the neurologist's at least three consistent outpatient diagnosis to improve the accuracy. We also enrolled one neurology admission of Parkinsonism, hospitalization increases the probability of accurate diagnosis. We only recruited patients with Parkinsonism from neurology clinics. Second, patients were newly diagnosed diabetics, and thus would not necessarily be expected to have developed significant neuropathic complications requiring metoclopramide use. Third, owing to the nature of the study, we have no data on adherence. These might underestimate the risk of metoclopramide on Parkinsonism. Finally, a limitation is the possibility of information bias, that is, that increasing duration of metoclopramide exposure may present more opportunities for the diagnosis of Parkinsonism owing to prolonged duration of symptoms and more clinic visits.

In conclusion, patients with diabetes who are being considered for treatment with metoclopramide for gastrointestinal symptoms should be made aware of the risks. There were a remarkable duration--response and dose--response effects on the risk of developing Parkinsonism. We recommend close monitoring for the development of Parkinsonism in patients treated with metoclopramide, particularly (but not limited to) those with prolonged exposure.

Supplemental Material {#section19-2042098619854007}
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